LAMPIRAN



Prosedure Penggunaan Alat

L.

2.

Pastikan equipment yang akan digunakan dalam posisi ‘On’
Switch Power On
Tekan tombol mode VCR pada Universal Remote Control BC-9950
Tekan tombol Power On ( keluar tampilan LCD)
Tekan tombol 4/5/6 (untuk menghidupkan equipment)
- Tombol 4 : untuk menghidupkan equipment Audio 1 (A1~> lampu
nyala)
- Tombol 5 : untuk menghidupkan equipment Audio 2 (A2-? lampu
nyala)
- Tombol 6 : untuk menghidupkan equipment Audio Video (AV=>
lampu nyala)
Jika salah satu tombol 4/5/6 ditekan (1dari 3 lampu led menyala) maka :
- Tombol4 -> Memilih equipment A1 (SELECT 1 - tampilan LCD)
- Tombol5 -> Memilih equipment A2 (SELECT 2 > tampilan LCD)
- Tombol6 -> Memilih equipment AV (SELECT 3 = tampilan LCD)
Tekan tombol 1/2/3 (memilih equipment yang akan digunakan)
- Tombol1 => Memilih equipment A1 (SELECT 1 - tampilan LCD)
- Tombol2 > Memilih equipment A2 (SELECT 2 > tampilan LCD)
- Tombol3 ->» Memilih equipment AV (SELECT 3 = tampilan LCD)
SELECT 1 : Equipment Al terhubung pada output (amplifier)
SELECT 2 : Equipment A2 terhubung pada output (amplifier)

SELECT 3 : FEquipment AV terhubung pada output (7Television)



Pemilihan equipment dapat dilakukan jika 2-3 lampu Led menyala
Contoh : Lampu Al menyala, lampu A2 menyala, lampu AV mati, maka
pemilihan equipment dapat dilakukan pada tombol 1 dan 2
7. Jika equipment tidak digunakan lagi dapat dimatikan secara langsung pada
tombol 4/5/6, tergantung pada equipment mana yang akan dimatikan
- Tombol 4_ : untuk mematikan equipment Audio 1 (A1-> lampu
mati)
- Tombol 5 : untuk mematikan equipment Audio 2 (A2-> lampu
mati)
- Tombol 6 : untuk mematikan equipment Audio Video (AV->
lampu mati)
8. Jika semua equipment tidak digunakan lagi dapat secara langsung
dimatikan dengan menekan tombol Power.
Jika pada tampilan LCD tercetak “ON” berarti equipment tersebut siap untuk
digunakan.
Jika pada tampilan LCD tercetak “OFF” berarti equipment yang akan digunakan

tersebut dalam keadaan mati (tidak ada sumber tegangan Vac).

SELAMAT MENCOBA
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HASIL PENGUJIAN ALAT

Tombol

Relay

Analog Multiplexer

Equipment yang dipilih

Display LCD
Remote | 1 2 3 CMOS 4052 CMOS 4053 play A1 A2 AV
iNH! B A [INH[ C B A
Power On|OFF |OFF ] OFF |4.35[/4.35|14.35/4.35/4.3514.35/4.35 S E|C|T|I-]|] Al FiF - - -
A2 FIF AV FI{F
Equipment A1 dinyalakan S EICITI -1 Al N . - .
A2 F|F AV Fi{F
Equipment A2 dinyalakan S EICIT-i| A1 FIF - - -
A2 N AV F|F
Equipment AV dinyalakan S E|CIT|-]| A FIF - - -
A2 F|F AV N
Tombol 4] ON {OFF|OFF| 0 0 143514351 0 0 0 S EJC|T|1]] A N RADIO - -
A2 F|F AV F|F
Tombol 5|OFF| ON |OFF| 0 |4.35] 0 [435]| O 0 0 S E|CIT|/2]| A1 F|F - TAPE -
A2 N AV FiF
Tombol 6 | OFF [OFF| ON {4.35] O 0 0 [4.35(435(435]| S E(C[T}!3]|| A1 F|F - - VCD
A2 F|F AV N
Tombol 1| ON (ON|ON{ O 0 14.351435! 0 0 0 S EIC|T]|[1]] A1 N RADIO - -
A2 N AV N
Tombol2| ON {ON | ON | O |435| 0 j435{ O 0 0 S E|CIT|]2!] A1 N - TAPE -
A2 N AV N
Tombol 3| ON | ON | ON |435] 0 0 0 [4.35]4.35|4.35 S E|ICIT||3]! At N - - VCD
A2 N AV N




$MOD51

CSEG
ORG OOH
JMP START

ORG OBH

CLR TRO ;Matikan Timer 0
SETB 21HG

RETI

KATA: DB ‘SELECT - AV OFF'0/A1 OFF A2 OFF'\0

;De!ay 4 mS

D4mS: MOV R7#20

D4mS01: MOV R6.#100
DINZ R6$
DINZ R7,D4mSo01
RET

3

;  Delay 100 mS

D100mS: MOV R7#5
D160mSG1: MOV  R6#100
D100mS02: MOV RS5,#100
DINZ RS5$
DINZ R6,D100mS02
DINZ R7,D100mS01

RET

; Enable Pulse Instruction

EPL ANL A#0FOH 4 Bit
ORL A#O00CH ;Enable High, Instruction Input
MOV Pl1A
ANL A #OFSH ;Enable Low, Instruction Input
MOV PLA
ACALL D4mS$S :Delay 4 mS
RET

'LCD Control Instruction

LCE MOV RS.A .Ambil 4 Bit (D7.D4)
ACALL EPI ;Enable Pulse Instruction
MOV ARS
SWAP A ;Ambil 4 Bit (D3..D0)
ACALL EPI ;Enable Pulse Instruction
RET

; Inisialisasi LCD 4 Bit

IL4B. MOV RS5,#3 :Diulang 3 Kali



IL4B0i: MOV A#30H
ACALL EPI
DINZ R5,IL4B0}
MOV A#0H
ACALL EPI
MOV  A#28H
ACALL LCI
MOV  A#06H
ACALL LCI
MOV A#0CH
ACALL LCI

DC: MOV A#0IH
ACALL LCI
RET

:Enable Pulse Data

EPD: ANL A #0FOH
ORL A, #00DH
MOV PiA
ANL A #0FSH
MOV PLA
MOV R7,#40
DINZ R7$
RET

'LCD Control Data

LCD: MOV R5A
ACALL EPD
MOV ARS
SWAP A
ACALL EPD
RET

‘Tampilan Awal

KDKL: MOV A#0

MOVC A @A+DPTR

INC DPTR
JZ EscKDKL
ACALL
LCD

IMP KDKL

EscKDKL:RET

TA: MOV A #080H
ACALL LCI

MOV DPTR#KATA

ACALL KDKL
MOV A #0COH
ACALL LCI
ACALL KDKL
RET

;Reset Sequence
;Enable Pulse Instruction

;Reset Sequence
;Enable Pulse Instruction
;Function Set

;(4 Bit, 2 Lines, 5 x 7 Dot Matnk)

;Entry Mode Set
;(Increment, No Display Shift)
;Display On/Off Control

(Display On, Cursor Off, Blink Off)

;Display Clear
;LCD Control Instruction

4 Bit
;Enable High, Data lnput

;Enable Low, Data Input

;Delay 40 uS

;Ambil 4 Bit (D7..D4)
:Enable Pulse Data
;Ambil 4 Bit (D3..D0)

;Enable Pulse Data

;Kirim Data ke LCD

;Huruf sudah habis ?

:L.CD Control Data

;Cursor Home Line 1 Colom 0
;LCD Control Instruction

;Kirim Data ke LCD

;Cursor Home Line 2 Colom 0
;LCD Control Instruction
:Kirim Data ke LCD



;Cek Remote

’CR:

CRO1:

CRO2a:

CRO2b:

CRO3:

CRO4:

CROS:

CRO6:

CRO7:

MOV
MOV
MOV

3DH,A
RO#30H
THO,#0
MOV  TLO#0
SETB TRO

JB  P3.7,CRO2b
IJNB 21HO,CRO2a
IMP CRO7

INB P3.7,CRO3
INB 21H.0,CRO2b
JMP CRO7

CLR TR1

MOV  @RO,THO
INC RO

CINE RO#3DH,CRO1
MOV RO#31H
MOV A 20H

RR A

MOV  20HA
CINE @RO,#4,CROS
CLR 20H7

IMP CRO6

CINE @RO,#7,CRO?
SETB 20H.7

INC RO

CINE RO,#39H,CRO4
MOV A3DH
RET

CLR 2]1HO
MOV  20H#0
MOV A3DH
RET

; Cek Kondisi Relay

CKR:

CKR1:

CKR2:

ACALL D100mS
MOV AP2
ANL A#38H
CINE A#0CH,CKRI1
MOV  A#087H
ACALL LCI
MOV R4 #DH
MOV A#2DH
ACALL LCD
MOV  P3#0C4H
RET

CINE A#0SH,CKR2
ACALL SAl

RET

CINE A#10H,CKR3
ACALL SA2

;Aktifkan Timer 0
:Hitung periode (LO)
:Timer 0 overflow?

;Hitung periode (HI)
;Timer 0 overflow?

:Matikan Timer 0

;Logic 07

;Logic 17

;Kode Remote tidak sesuai

:Delay 160 mS

;Cek kondist relay
;AND dengan 00111000
Semua relay off?

:Cursor Home Line 1 Colom 7

;LCD Controt Instruction
JASCI -

;ASCH -

;LCD Control Data

;Hanya relay 1 yang on?
;Select Audio 1

;Hanya relay 2 yang on?
;Select Audio 2



CKR3:

EscCKR:

RET

CINE A#20HEscCKR
ACALL SAV

RET

; Cek Tombol Remote yang Ditekan

CTRYD:

SAlL:

EscTl:

T2:

SA2:

EscT2:
T3:

SAV:

EscT3:
T4:

TS:

T6:

TPower:

MOV  A20H
MOV  20H#0
CINE A#80H.T2
JNB P23EscTl
MOV A #087H
ACALL LCI
MOV R4#31H
MOV A#31H
ACALL LCD
MOV  P3#0C1H
RET

CINE A#8IHT3
JINB P24FEscT2
MOV A#087H
ACALL LCI
MOV R43#32H
MOV A#32H
ACALL LCD
MOV P3#0C2H
RET

CINE A#82H,T4
JNB P2.5EscT3
MOV  A#087TH
ACALL LCI
MOV R4#33H
MOV  A#33H
ACALL LCD
MOV P3#0BCH
RET

CINE A#B3IHTS
CPL P23
ACALL CKR
RET

CINE A#84HT6
CPL. P24
ACALL CKR
RET

CINE A#85H, TPower
CPL P25
ACALL CKR
RET

CJINE
MOV
ORL

MOV
MOV

AP2

AH#OCTH
R2,A
AP3

;Hanya relay 3 yang on?
;Select Audio Video

:Tombol 1 ditekan?

;Relay 1 Off?

;Cursor Home Line 1 Colom 7
;LCD Control Instruction
;ASCI 1

;ASCIL

;.LCD Control Data

Tombol 2 ditekan?

Relay 2 Off?

Cursor Home Line 1 Colom 7
LCD Control Instruction
ASCHI2

ASCII 2

LCD Control Data

Tombol 3 ditekan?

Relay 3 Off?

Cursor Home Line 1 Colom 7
LCD Control Instruction
ASCH 3

ASCH 3

LCD Control Data

Tombol 4 ditekan?
On/Off Relay 1
Cek Kondisi Relay

Tombol 5 ditekan?
On/Off Relay 2
Cek Kondisi Relay

Tombol 6 ditekan?
On/Off Relay 3
Cek Kondisi Relay

A#9ISH EscCTRYD ;Tombol POWER ditekan?



ORL A #080H
MOV R3A
ACALL DC
MOV P2 #0C7TH
MOV P3#0C4H
TPower01:JB  P3.7,%
ACALL CR
MOV  A20H

CINE A #95H,TPower(Q]

MOV  20H#0
ACALL DI100mS
MOV P2R2
MOV P3R3
ACALL TA
ACALL CS
MOV A #087H
ACALL LCI
MOV AR4
ACALL LCD

EscCTRYD: RET

;, Enable Pulse Instruction

EPI02: ANL A #O0FGH
ORL A#00CH
MOV PLA
ANL A#OF8H
MOV PlLA
MOV R7,#40
DINZ R73
RET

: LCD Control Instruction

LCIo2: MOV RSA
ACALL EPIO2
MOV ARS
SWAP A
ACALL EPIO2
RET

; Cek Sinyal

SOff: MOV A #46H
ACALL LCD
MOV A #46H
ACALL LCD
RET

SOn: MOV A#EH
ACALL LCD
MOV A #20H
ACALL LCD
RET

Relay Off

Analog Multiplekser Off
Remote ditekan?

Cek Remote

Tombol POWER ditekan?

Delay 100 mS

Tampilan Awal

Cek Sinyal

Cursor Home Line 1 Colom 7
LCD Control Instruction

LCD Control Data

;4 Bit
Enable High, Instruction Input

Enable Low, Instruction Input

Delay 40 uS

Ambil 4 Bit (D7.D4)
Enable Pulse Instruction

Ambil 4 Bit (D3..D0)
Enable Pulse Instruction

ASCIF (Sinyal off)
LCD Control Data
ASCIIF (Sinyal off)
L.CD Control Data

ASCIH N (Sinyal on)
LCD Control Data
ASCII spasi (Sinyal off)
LCD Contro! Data



CS: MOV A #0C4H
ACALL LCIO2
JB  P2.0,CSAlon
ACALL SOff
IMP CSA2

CSAlon: ACALL SOn

CSA2: MOV A #0CEH
ACALL LCIO2
JB  P21,CSAZon
ACALL SOff
MP CSAV

CSAZ2on: ACALL SOn

CSAV: MOV A#08EH
ACALL LCIO2
JB  P22CSAVon
ACALL SOff
RET

CSAVon: ACALL SOn
RET

———

; Main Program

START; MOV P2#0CTH
MOV R4#2DH
MOV TMOD#01H
MOV IE#82H
ACALL IL4B

MP00: JB P3.7$

ACALL CR

MOV  A20H

CINE A #9SHMPOO

MOV 20H#0

ACALL D100mS

ACALL TA

ACALL CS

MOV AP2

ANL A#07H

MOV R1A

MPOl: MOV A20H
INZ MPO2
MOV AP2
ANL A#07H
CINE A,1HMPO3
JB  P3.7,MPO1
ACALL CR
IMP  MPO!
ACALL CTRYD
MOV AP2
ANL A#0TH
MOV RILA
IMP  MPOI
MP03: MOV RLA
ACALL CS
MP  MPOL
END

MPO2:

;Cursor Home Line 2 Colom 4
;LCD Control Instruction

:(Sinyal off)
Sinyal on)

;Cursor Home Line 2 Colom 14
;LCD Control Instruction

;{Sinyal off)

;(Sinyal on)

;Cursor Home Line 1 Colom 14
;-LCD Controt Instruction
A(Sinval off)

(Sinyal on)

‘Relay Off

;ASCII-

;Timer 0 mode 1
;Inisialisasi Interrupt
JJnisialisasi LCD 4 Bit

;Remote ditekan?
;Cek Remote

;Tombol POWER ditekan?
;Delay 100 mS

;Tampilan Awal
;Cek Sinyal

;Ada data remote yang masuk?

;Ada perubahan sinyal?
;Remote ditekan?
;Cek Remote

;Cek Tombol Remote yang Ditekan

;Cek Sinyal



Features

» Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

= Three-Level Program Memory Lock

» 128 x B-Bit internal RAM

» 32 Programmable IO Lines

» Two 16-Bit Timer/Counters

» Six {interrupt Sources

* Programmable Serial Channel

» Low Power Idle and Power Down Modes

Description
The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)
Pin Configurations PDIP
1 vee
2 P0.0 (ADD)
3 PO.1 (AD1Y)
. P0.2 {AD2)
5 P0.3 (AD3)
8 PO.4 (AD4)
7 P0.5 (ADS)
s P0.6 (ADS)
9 2%7 (AD7)
VPP
PQFPTQFP ALE/PRUG
so&3 PEEN
nGcao P2.T (A15)
1%L P2.8 [A14)
N - P2.5 (A13)
Eonnen ORI S hrdeis P2.4 }A!Z)
coanazZ>anaa P2.3 (A1)
\ £2.2 (A10}
A4y 582, 403628, 36,24 P2.1 (A9)
P15 1 33 P04 (AD4) P2.0 (A8)
P1.6 2 32 O PO.5 (ADS)
P1.7C] 2 31 g Po.e (ADE)
RETCS 4 30 [IPO.T (ADT) ————
(RXD} P3.0 5 29 [DEAIVPP orN®
NC 6 28 NG 222g
(Txo) P31 7 27 LALE/PRGG ———
NTO) P3.2 8 28 o-nN®
mYT Pa 3]s 25 PP2.7 (A15) csas
(TO} P3.4 10 24 [OP2.6 (A14) cana
(T1) P35 11 23 [3P2.5 (A13)
122145 6" 18" %202 "2 (3 P0.4 (ADL)

[TP0O.S (ADS)

M BT S hehi iy PO.6 (ADS)
ZZEEwu:Z‘&'EE gﬂ;:nn
EE g=arw NC
=z Sfixs ) ALESPHDT
T - 5SEN
[IP2.7 (A1S)

[IP2.6 (A14)

T1) P35 c}17 z9f1p2.5 (A13)
A 18' %202 1223 25262 38

TMEL

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51

D265F -A—12/97

4-29



AImEY

»ck Diagram
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s A TS9C 51

"he ATB9CS51 provides the following standard features: 4K
ytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
imer/counters, a five vector two-level interrupt architecture,
1 full duplex serial port, on-chip oscillator and clock cir-
uitry. In addition, the AT89C51 is designed with static logic
or operation down to zero frequency and supports two
oftware selectable power saving modes. The Idle Mode
tops the CPU while allowing the RAM, timer/counters,
erial port and interrupt system to continue functioning. The
*ower Down Mode saves the RAM contents but freezes
1e oscillator disabling all other chip functions until the next
ardware reset.

’i_n Description

cc

upply voltage.

sND

sround.

'ort 0

ort 0 is an 8-bit open drain bidirectional i/O port. As an
utput port each pin can sink eight TTL inputs. When 1s
re written to port O pins, the pins can be used as high-
npedance inputs,

ort 0 may also be configured to be the muitiplexed low-
rder address/data bus during accesses to external pro-
ram and data memary. In this mode PO has internal pul-
Ips.

ort 0 also receives the code bytes during Fiash program-
ing, and outputs the code bytes during program verifica-
on. External pullups are required during program verifica-
on. :

ort 1

ort 1 is an 8-bit bidirectional 1/O port with intemal puliups.
he Port 1 output buffers can sink/source four TTL inputs.
fhen 1s are writien to Port 1 pins they are pulled high by
ie internal puliups and can be used as inputs. As inputs,
ort 1 pins that are externally being pulled low will source
arrent (I ) because of the intemal puliups.

ort 1 also receives the low-order address bytes during
ash programming and verification.

ort 2

ort 2 is an 8-bit bidirectional 1/O port with internal pullups.
1e Port 2 output buffers can sink/scurce four TTL inputs.
'hen 15 are written to Port 2 pins they are pulled high by
e internal pullups and can be used as inputs. As inputs,
ort 2 pins that are externally being pulled low will source
irent (1)) because of the internal puliups.

ort 2 emits the high-order address byte during fetches
»m external program memory and during accesses to
ternal data memory that use 16-bit addresses (MOVX @
TR). In this application it uses strong internal pullups

ATMEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Part 3 is an 8-bit bidirectionat /O port with internat pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBICS51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (seriat output port)

P3.2 INTO (externat interrupt 0)

P3.3 INTT {external interrupt 1)

P3.4 TO (timer O external input)

P35 T1 (timer 1 external input)

P36 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Laich Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normat eperation ALE is emitted at a constant rate of 1/6
the osciliator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extenal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memaory.

4-31



ATMEL

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp .

External Access Enable. EA must be strapped to GND in
order {o enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally fatched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-

age (Vpp) during Flash programming, for parts that require -

12-volt Vpp

XTAL1

Input to the inverting oscillator ampiifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be canfigured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
Jevice from an external clock source, XTAL2 should be left
Jnconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control.. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes {0 a port pin or to external
memory. ‘

Figure 1. Oscillator Connections

c2

—} I———I——— XTAL2

L]

bs T
ks

= 30 pF + 10 pF for Crystals
= 40 pF 1 10 pF for Ceramic Resonators

XTAL1T

GND

Note: C1,C2

Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external NG XTALZ

slock signal, since the input to the internal clocking circuitry

s through a divide-by-two flip-flop, but minimum and maxi-

num voltage high and low time specifications must be

bserved.

EXTERNAL T
OSCILLATOR AL1

dle Mode SIGNAL

n idle mode, the CPU puts itself to sleep while ali the on-

hip peripherals remain active. The mode is invoked by | GND

oftware. The content of the on-chip RAM and all the spe-

ial functions registers remain unchanged during this

10de. The idle mode can be terminated by any enabled = ,

iterrupt or by a hardware reset.

status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN | PORTO PORT4 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
Idie External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Sower Down External 0 0 5 Float Data Data Data
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Power Down Mode

n the power down mode the osciilator is stopped, and the
nstruction that invokes power down is the last instruction
xecuted. The on-chip RAM and Special Function Regis-
ers retain their values until the power down mode is termi-
\ated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-~chip
{AM. The reset should not be activated before V¢ is
estored to its normal operating leve! and must be held
ictive long enough to allow the oscillator fo restart and sta-
ilize.

.ock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function propery.

Program Lock Bits - Protection Type
LB1 B2 L83

1 u u u No program lock features, .

2 P u U MOVC instructions executed | from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.

3 P P u Same as mode 2, also verify is disabled.

P J P P Same as mode 3, also external execution is disabled.

’rogramming the Flash

he AT89C51 is normally shipped with the on-chip Flash
yemory array in the erased state (that is, contents = FFH)
nd ready to be programmed. The programming interface
ccepts eijther a high-voltage (12-volt) or a low-voltage
Vo) program enable signal. The jow voltage program-
ing mode provides a convenient way to program the
TROCS1 inside the user's system, while the high-voltage
rogramming mode is compatible with conventional third
arty Flash or EPROM programmers.

he AT89CS51 is shipped with either the high-voltage or
w-voltage programming mode enabled. The respective
p-side marking and device signature codes are listed in
1e following table.

Vepp =12V Vpp=5V
Top-Side Mark ATBIC51 ATBSCS1
XXXX XXXX-5
Yyww yyww
Signature {03CH)=1EH (030H)=1EH
(031H)=51H (031H)=51H
{032H)=FFH {032H)=05H

1e AT89C51 code memory array is programmed byte-by-
rte in either programming mode. To program any non-
ank bylte in the on-chip Flash Memory, the entire memory
ust be erased using the Chip Erase Mode.

AIMEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89CS1, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voliage programming
mode.

5. Pulse ALE/PROG once fo program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is puiled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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Program Verify: If lock bits LB1 and B2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with ail “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is seli-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Piease contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

“Mode RST PSEN ALE/PROG EANVpe | P26 | P27 | P36 | P37

' Write Code Data H o L HI12V L H H H
~

Read Code Data H L H H L L H H

Write Lock Bit - 1 H L HH2V H H H H
—~

Bit - 2 H L HI2V H H L L
V

Bit- 3 H L H/12v H L H L
—~

Chip Erase H L (1 H/2v H L L L
—~

Read Signature Byte ' H L H H L L L | ¢

dote: 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash

AT89C51

Figure 4. Verifying the Flash

+5V +5V
ATB9C51 AT89CS51
ADDR. B0 AT ) by Vec ~——T appr, 20 AL by Vee J
OOOOH/OFFFH PGM OOODOH/OFFFH PGM DATA
A8 - AT | P20 - P23 PO DATA A8 AT P20 - P23 PO -—rgfjs‘iu‘\gg)
——»! P26 — ] P2.6
SEE FLASH ——» P2.7 ALE [¢—— PROG SEE FLASH ~——p] P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —®] P36 MODES TABLE | —# P36 ‘—_—lvm
— | P37 ——l P37
XTAL2 EA [—— ViV I——4—~— XTAL2 EA L———l
3-24 MHz 3-24 MHZJ_ L
- s
XTAL1 RST l4&——— VvV, XTAL1 RST jJ&—— Vyu
J_:__“_ GND PSEN ——1 t | GND PSEN —j___

Flash Programming and Verification Characteristics
[, = 0°C to 70°C, Vo = 5.0+ 10%
;mbo! Parameter Min Max Units
Vpp(! Programming Enable Voitage 11.5 125 v
lppt Programming Enable Current 1.0 mA
Mooy Osgcillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48t ot

toHAX Address Hold After PROG 48te oL

tovaL Data Setup to PROG Low 48te cL

tGHDX Data Hoid Atter PROG 48tc oL

tensH P2.7 (ENABLE) High to Vep 48t oL

tsmaL Vpp Setup to PROG Low 10 us
tous ! Vpp Hold After PROG 10 us
loLaH PROG Width 1 110 us
tavav Address to Data Valid 48tc oL

teLav ENABLE Low to Data Valid 48tc oL

lemaz Data Float After ENABLE 0 48tc oL

GHBL PROG High to BUSY Low 1.0 us
we J Byte Write Cycle Time 2.0 ms
ote: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P1.0 - P1.7 ’ PROGRAMMING N VERIFICATION
P20 - P2.3 < ADDRESS ,-—‘j' ADDRESS  >————
‘ *+ Lavav
PORT 0 DATA 1N ) DATA OUT _p————
P ~—¥ v tgHox [+ fgax
ALE/PROG N /1
fswoL* f——tg o
__ A Vel C
EANpe o 1 twecd_ 1 ______
P2.7 e trsLov-—-ﬂ — + tenaz
(ENABLE) :l \1 L
tansL —
P34 _ :
(RDY/BSY) BUSY READY

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 —_ ADDRESS )—j ADDRESS )
r"_ tAVQV
PORT 0 DATA IN D DATA OUT p————
* tovel  teHox
tave [ —* lanax
ALE/PROG - N A
t -
SHGL e toLen—"
— LOGIC 1
AN i ] weico! 1
f——
P2.7 tensy teray il — tewaz
(ENABLE)
tonp —
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature................cc.cooeeeeruencn. -55°C ta +125°C *NOTICE:  Stresses beyond those listed under *Absolute
Maximum Ratings” may cause permanent dam-
Storage TempPerature..............oveevrveeerioeensonss -65°C to +150°C age to the device. This is a stress rating only and
‘ functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ..........ccceveeeeeevereevnecnas -1.0V to +7.0V aperational sections of this specification is not
) ) implied. Exposure to absolute maximum rating
Maximum Operating Voltage...........ccccneeemeoniinieiicoenrnes 6.6V conditions for extended periods may affect device
reliability. '
DC Qutput CUITENL. .......oviirerirecennessecerriree s e e eessene 150 mA
)C Characteristics
a =-40°C to 85°C, Ve = £.0V £ 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low Voliage (Except EA) 05 0.2 Ve - 0.1 v
Vi1 Input Low Voltage (EA) 0.5 0.2 Vpe-03
Vi Input High Voltage (Except XTAL1, RST) 0.2V +09 Vet 05 \'
Vi input High Voltage {XTAL1, RST) 0.7 Ve Vec+ 05 v
Vor Output Low Voltage(!) (Ports 1,2,3) oL = 1.6 mA 0.45 v
Vo1 Output Low Voltage!™) loL =32 mA 0.45 v
(Port 0, ALE, PSEN)
Von Output High Voltage lop =60 PA, Ve = 5V £ 10% 24 v
P 1,23, ALE, PSEN
{Ports 1,2, ) low = 25 A 0.75 Ve v
Ion =-10 pA 0.9 Vee v
VoH1 Output High Voltage lon =-B00 pA, Vo =5V 10% 24 v
(Port 0 in External Bus Mode) lop = -300 A 0.75 Ve v
loy =-80 pA 0.9 Vee v
L Logical 0 Input Current {Pocts 1.2,3) Vi = 0.45V -50 HA
T Logical 1 to 0 Transition Cumrent Vgy =2V, VCC = 5V £ 10% -650 HA
{Ports 1.2.3)
U Input Leakage Current (Port 0, EA) 0.45 < Vi < Ve +10 BA
ST Reset Pulldown Resistor 50 300 KO
o Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
c Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode(? Vee =6V 100 HA
VCC =3V 40 uA
tes. 1. Under steady state (non-transient) conditions, 1 must be externally limited as follows:

Maximum lg_ per port pin: 10 mA
Maximum | per 8-bit port:

Port 0: 26 mA

Ports 1,2, 3: 15 mA
Maximum total lg; for all output pins: 71 mA
If Ig, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed te sink current greater

than the listed test conditions.
2. Minimum Vg for Power Down is 2V.

AIMEL
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AC Characteristics

Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
utputs = 80 pF)

-xternal Program and Data Memory Characteristics

ATmEL

gyrnbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max

MereL Oscillator Frequency 0 24 MHz
toHL ALE Pulse Width 127 2tey 40 ns
taviL Address Valid to ALE Low 43 terec-13 ns
tiax Address Hold After ALE Low 48 toLe-20 ns
tLuv ALE Low lo Valid instruction In 233 4oL cL"68 ns
tLpL ALE Low to PSEN Low 43 - terc-13 ns
toLpH PSEN Puise Width 205 3oL o-20 ns
toyry PSEN Low to Valid Instruction in 145 3to o 45 ns
toxix Input Instruction Hold After PSEN 0 ] ns
toxiz Input Instruction Float After PSEN - 59 toro-10 ns |
toxav PSEN to Address Valid 75 toroL-8 ns |
Laviv Address to Valid Instruction In 312 Sty 155 ns
toLaz PSEN Low to Address Float 10 10 ns
trLRH RD Pulse Width 400 Bty o -100 ns
bwiwH WR Pulse Width 400 Bty ¢ ~100 ns
‘RLDV RD Low to Valid Data In 252 St o 90 ns
RHDX Data Hold After RD 0 0 ns |
RHDZ Data Float After RD 97 2t 128 rs
LDV ALE Low to Valid Data In 517 Bterc-150 ns
WDV Address to Valid Data In 585 910 ~165 ns

AL ALE Low to RD or WR Low - 200 300 3teLcL-50 3tg L +50 ns

wwiL Address to RD or WR Low 203 atoLcl-75 ' ns
WX Data Valid to WR Transition 23 terer-20 ns

WWH Data Valid to WR High 433 Ttere~120 ns

HOX Data Hold After WR 33 tcLeL-20 ns |

LAZ RD Low to Address Float 0 0 ns

HLH RD or WR High to ALE High 43 123 toLcL-20 toLoL+25 ns |
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External Program Memory Read Cycle

b —
ALE — N\ S N
- teLen
t o ala >
AVLL ECFYI LT,
PSEN / z * toLv
toxa
—> toy a7
bl toxiz
tP)(D( [
PORT 0 > A0-A7 K INSTRIN > ro-ar_ ><
tavy ~———
PORT 2 ) @ AB- A15 X A8-A15
External Data Memory Read Cycle
tLHu:'—-q
ALE N
- btk
PSEN DR Yy — V4
—— tRLRH —
ﬁ) ‘_tLU\X’_"" \L____._// ;
N treov RHDZ
fe— tavi— Sz .
— 'RHDX
PORT 0 > A0 - A7 FROM Rl OR DPLJ Oﬁ DATA IN AD - A7 FROM PCLO—INSTR IN
g tAWVL ————

- oy ————

PORT 2 ). &

P2.0 - P27 OR A8 - A15 FROM DPH

X A8 - A15 FROM PCH

AIMEL
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External Data Memory Write Cycle

to——
ALE /J .

FSEN N

— ta tovwx [ twHax

f—— —
— tavwn —
PORT 0 > A0 - A7 FROM RI OR DPL DATA OUT X DCAD - A7 FROM PEL—~(INSTR IN

o tam. ———+

PORT 2 /‘K P20 - P27 OR AB - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

e tonex
toren — e — tone

0.2 Vgo- 0.1V

0.45V
+— terex _'j
terer —

:xternal Clock Drive

Symbol Parameter Min Max Units
MeLcL Oscillator Frequency 0 24 MHz
‘oL Clock Period 416 ns
CHEX High Time 15 ns
cLex Low Time 15 ns
CLCH Rise Time 20 ns
CHCL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Paramaeter ) 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txixr Serial Port Clock Cycle Time 1.0 12tcic us

tavxH Output Data Setup to Clock Rising Edge 700 10te o133 ns

txHax Output Data Hold After Clock Rising Edge 50 2oy o117 . ns

txHDX Input Data Hold After Clock Rising Edge 0 0 ns

txHov Clock Rising Edge to Input Data Valid 700 10t oL -133 ns

3hift Register Mode Timing Waveforms

INSTRUCTION { 0 i 1 I 2 [ 3 ] 4 | 5 | 6 | 7 | 8 |
ae LML rrurererere e
i)(l.)(L
cLock T I s OO s I e HOY s M
tovxn I.__:’ l“—' txn!::x
WRITE TO SBUF, N 0 1Tl 2 X 3 X a4 Xs X6 X 7
OUTPUT DATA turow ,,_‘i""” f— txox sernl

L CLEARRI

INPUT DATA

\C Testing Input/Output Waveforms(")  Float Waveforms(!)

Veo- 05
oo 08V 0.2 Voo + 0.9V ik

TEST POINTS
0.2 Vg - 0.1V

+ 0.1V

0.45v

®e: . 1. AC Inputs during testing are driven at Vo -0.5Vior  Note: 1. For timing purposes, a port pin is no longer fioating

alogic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V| min. for a logic 1 and V| _ port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Voy/Vo level occurs.
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Ordering Information
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Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £ 20% ATBIC51-12AC 44A Commercial
ATBYC51-12JC 444 (0°C to 70°C)
ATB9C51-12PC 40P6
ATBOC51-12QC 440
AT89C51-12A1 44A Industriai
ATBOCS1-12J1 444 (-40°C to 85°C)
ATBIC51-12PI 40P6
ATB3C51-12Q 44Q
AT89C51-12AA 44A Automotive
ATBICS51-12JA 44J (-40°C to 105°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q
16 5v 1 20% ATB9CS51-16AC 44A Commercial
AT89C51-168JC 44 (0°C to 70°C)
- AT89C51-16PC . 40P6
AT89C51-16QC 44Q
ATBIC51-16Al 444 Industrial
AT8SC5%-1641 44) (-40°C to 85°C)
AT89C51-16P1 40P6
AT89C51-16Q1 44Q
ATB9CS1-16AA 44A Automotive
ATB9CS51-16JA 44) {-40°C to 105°C)
AT8B9CS51-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
' ATBACS51-20JC 444 {0°C to 70°C)
ATB9C51-20PC 40P5
ATBI9C51-20QC 44Q
ATBICS51-20A1 44A Industrial
ATB9C51-20J1 444 (-40°C to 85°C)
ATB3C51-20Pt 40P86
AT89C51-20Q4 44Q

12
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Ordering information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5v+20% AT89C51-24AC 44A Commercial
AT88C51-24JC 44) (0°C to 70°C}
AT89C51-24PC 44P6
AT89C51-24QC 44Q
ATBICS51-24Al 44A industrial
ATBICS51-24J1 44y {-40°C to 85°C)
AT89C51-24P1 44P6
ATBSCS51-24Q)1 44Q
Package Type
, 44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44 | ead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
4-43
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FAIRCHILD

SEMICONDUCTOR w™

LM2904,LM358/LM358A

Dual Operational Amplifier

www.fairchildsemi.com

Features Description
+ Internally frequency compensated for unity gain The LM2904,LM358/LM358A consist of four independent,
» Larpe DC voltage gain: 100dB high gain, internaily frequency compensated operational
« Wide power supply range: amplifiers which were designed specifically to operate from
LM358/LM358A: 3V~32V (or £f.5V~16V) a single power supply over a wide range of voltage. Opera-
LM2904 ;: 3V~26V (or £1.5V~13V) tion from split powet supplies is also possible and the fow
« Input common-mode voltage range Includes ground power supply current drain is independent of the magnitude
« Large output voltage swing: 0V DC to Vec - 1 5V DC of the power Supply voltage. Application areas include
» Power drain suitable for battery operation. transducer amplifier, DC gain blocks and all the conven-
tional OP amp circuits which now can be easily implemented
in single power Supply systems.
8-0iP

Internal Block Diagram
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LM2904,L M358/LM358A

Schematic Diagram
{(One section only)
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Absolute Maximum Ratings
Parameter Symbol LM358/LM358A LM2904 Unit
Supply Voltage Vce +16 or 32 +13 0r26 v
Differential Input Voitage VI(DIFF) 32 26 A
Input Voitage Vi -0.3t0 432 0310426 Vv
Output Short Circuit to GND ) .
VCCSV, TA = 25 °C{One Amp) - Continuous Continuous -
Operating Temperature Range TOPR 0~+70 40 ~ + 85 °C
Storage Temperature Range TSTG -85~ +150 65~ + 150 °C




LM2904,L M358 M358A

Electrical Characteristics
(Vee = 5.0V, VEE =GND, T =25 °C, unless otherwise specified)

LM358 LM2904
Parameter Symbol Conditions - - Unit
Min |Typ.] Max. |[Min.| Typ. | Max.
Input Offset Voltage VcMm =0V to Voo -1.5V )

Vio VOEP) = 1.4V, Rs = 0Q 29| 7.0 - |29 70 mVv
input Offset Current o - - 5 50 - 5 50 nA
Input Bias Current IBIAS - - | 45 250 - 45 250 nA
Input Voltage Range Vv Vce =30V Vee-1.5 _ | Vee-1.5

IR) | (LmM2904,vec=26v) | 0 | ° 0 v
RL ==, VcC = 30V
Supply Current (LM2902, Ve = 26V) - lo8| 20 -los| 20 |mA
IcC | RL = os,0verfull
temperature range - 105 12 - 0.5 1.2 mA
Large Signal Ve = 15V, Riz2KO
Vottage Gain SV | vopy=1Vio 11V 251000 - | 251004 - jVimV
Output Voltage VOoH) | VCC=30V | RL=2KQ | 26 | - - 2 - - \
Swing = =
f\;cc 26V | RL = 10KQ} 27 | 28 ) 2 | 24 3 Vv
Vo) | Vee =5V, R>10KO -Vts5) 20 5| 100 | mv
Common-Mode
Rejection Ratio CMRR - 65 | 80 - 50 | 80 - dB
Power Supply .
Rejection Ratio PSRR 65 | 100 - 50 | 100 - dB
Channel Separation Ccs f = 1KHz to 20KHz - 1120 - - | 120 - dB
Short Circuit to GND;  Isc - - | 40 60 - 40 60 mA
Vi(+) = 1V, Vi(-) = 0V . .
ISOURCE | i = 15v, voymy =2v | 10 | 30 10 | 30 mA
Vi) =0V, Vi = 1V _ )
Output Current voc =15V, Voey=2v | 101 1 10113 mA
CISINK | Vi =0V, Vi =1V
vee = 15V, 12 {100 - - - . HA
VO(P) = 200mA
Differential Input 1 1
Vottage VI(DIFF) - vce Vce v




LM2904,LM358/LM358A

Electrical Characteristics
(VCC=5.0V, VEE=GND, uniess otherwise specified)

The following specification apply over the range of 0°C <TA <+ 70°C for the LM358 ; and the -40 °C < TA < +85°Cfor the
LM2904 .
LM358 LM2904
P ter Symbol Conditions Unit
arame y Min. |Typ.| Max. [Min.|Typ.| Max
input Offset VeMm =0V io Ve = 1.5V
Voltage Vio VO(F) = 1.4V, RS = 00 - -] 980 | - -] 100 | mVv
input Offset
Voltage AVIOAT | RS =0Q - 170 - - 170 - pv/ec
Drift
Input Offset o
Current - - - 150 - 45 200 nA
Input Offset
Current AWO/AT - - {10 - - 10 - pA/°C
Drift
input Bias Current| IBIAS - - | 40 500 - 40 500 nA
input Voltage Vce =30V Vee=2.0 Vee=2.0
Range VIR) | LM2904,vec=26v) | O | - o1 - v
Large Signal
Vce = 15V, RL22.0KQ
Voitage Gv _ 15 ) - - 15 - - VimV
Gain Vo(p)=1vVito 11V :
vee=30V {RL=2KQ | 26| - - 26 | - -
Output Vi =
Swig Vollage o poCnY |ri=toka |27 |28 - |27 |28 | - v
Vo) | Vcc =5V, RI=210KQ -1 s 20 - 5 20 mV
15OURCE| viir) = av =Wy {10t | - 1ol l - | ma
Output Current v oV v X )1v
i(+) = OV, Vi(-) =
ISNK | yec = 15v, Vo =2v | 5 | ® - 5|9 - mA
Differential Input
Voltage P vipores) - -l -l wvee ! -} -] vee ] v




LM2904,LM358/LM358A

Electrical Characteristics
(Vo =5.0V. VEE=GND. TA=25 °C, unless otherwise specified)

Parameter Symbol Conditions : - L_:BSM - Unit
n. | Typ. ax.
Input Offset Voltage Vio ng(P): A - {20 30 | mv
input Offset Current o - - 5 30 nA
input Bias Current IBIAS - - 45 100 nA
Input Voltage Range VI(R) Voo =30V . 0 - Vec=15 Vv
Supply Current lco RL==,VCC =30V - 08 20 mA
P RL = cs,0ver full temperature range - 0.5 1.2 mA
Large Signal Voltage Gain| Gy 5821\1/51:':1? KQ 25 { 100 - | vimv
v Vce = 30V RL = 2KQ 26 - Vv
Output Voltage Swing OH VCC =26V for 2004 | RL=10KQ 27 28 - v
Vo) | Voo =5V, RL210KQ - 5 20 mv
g:rpmon-Mode Rejection | ~\,on ) 65 85 . dB
tio
Power Supply Rejection PSRR ; 65 100 _ dB
Ratio
Channel Separation cs f = 1KHz to 20KHz - 120 - dB
Short Circuit to GND isc - - 40 €0 mA
Vig+) = 1V, Vi( = OV -
ISOURCE | yc = 15V, Vo) = 2V 2 mA
Output Current M I ) 15 | - | ma
: ISINK
: Vo(p) = 200mV
Differential Input Voltage | VI(DIFF) - - - vce v




LM2904,LM358/LM358A

Electrical Characteristics

(Vce =5.0V, VEE = GND. unless otherwise specified)
The following specification apply over the range of 0°C <Ta < +70 °C for the LM358A

Paramete Symbal Conditions LM3ssA Unit
ara r i
ym " Min. | Typ. | Max
input Offset Voltage Vio ‘JgM(P )= =0\1f ;c\»l Vch: ;hsv ) . 5.0 mV
Input Offset Voltage Drift AVIQ/AT - - 7.0 20 uv/°c
Input Offset Current lio - - - 75 nA
input Offset Current Drift ANO/AT - - 10 300 pA/°C
Input Bias Current IBlAS - - 40 200 nA
input Common-Mode _ Vee=2.0
Voltage Range VIiR) vce =30V 0 - A
' Voay LYEC=3V | Ri=20 26 - - v
QOutput Voltage Swing o) vce = 30V RL=10KQ 27 28 - )
Vo) | Vvcec=5V, Ri210KQ - 5 20 mv
. . Vce = 15V, R =2.0KQ

Large Signal Voitage Gain Gv Vo) = Vo 11V 15 - - V/mvV

tsource | i 210 Z OV 10 | 30 - mA
Output Current e o )ov

i#) =1V, Vi) =
ISINK | yee = 15v, VO(P) = 2V 5 9 } mA

Differential Input Voltage VI{DIFF) - - - vce \
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Multiplexer/Demuitiplexer
Multiplexer/Demuitiplexer

Multiplexer/Demultiplexer

General Description

These analog multi..axers/darmultiplexers are digitally con-
trolled analog switches having low “ON" impedance and
very low “"OFF™" leakage curments. Control of analog signals
up to 15V, can be achieved by digital sional amplitudes of
3-15v. For example, if Vpp =5V, Vgg=0V and Vgg= =5V,
analog signais from —5V to + 5V can be controlled by digi-
tal inputs of 0-5V. The multiplexer circuits dissipate ex-
tremely low guiescent power over the fuli Vpp—Vgs and
Voo~ Ve supply voltage ranges, independent of the logic
state of the control signals. When a logical “ 1" is present at
the inhibit mput terminal all channels are “OFF™.
CD4051BM/CD40518C is a single B-channel mutiiptexer
having three binary control inputs. A, B, and C, and an inhibit
input. The three binary signals Select 1 of 8 channels to be
tumed “ON" and connect the input to the output.
CD4052BM/CD4052BC is a differential 4-channel multiplex-
er having two binary control inputs, A and B, and an inhibit
input. The two binary input signals select 1 or 4 pairs of
channels o be tumed on and connect the diffarential ana-
log inputs to the differential outputs.
CD40538M/CD4053BC is a triple 2-channal mudtiplexer
having three separate digital control inputs, A, B, and C, and

ﬂNational Semiconductor

Cclober 1989

CD4051BM/CD4051BC Single 8-Channel Analog
CD4052BM/CD4052BC Dual 4-Channel Analog
CD4053BM/CD4053BC Triple 2-Channel Analog

&n inhibit input. Each control input selects one of a pair of
channels which are connected in a single-pole double-throw
configuration.

Features

= Wide range of digital and analog signal levels: digital
3-15V, analog to 15Vpg

® Low "ON" rasistancs: 8011 (typ.) over entire 15V}, sig-
nal-input range for Vpp—Veg =15V

8 High “OFF" resistance: channel leakaga of +10 pA
(typ.) at Vpp— Vep= 10V

= Logic level conversion for digital addressing signals of
3-15V (Vpp—Vgs™=3-15V) to switch analog signals 1o
15 vp-p Voo —Vee=15V)

® Matched swiltch characteristics: ARoN=50 (typ.) for
Voo —Vee= 15V

u Very low quiescent power dissipation under all digital
control input and supply conditions: 1 uW (typ.) at
Vpop—Vss=Vpp~Vee= 10V

& Binary address decoding on chip

Connection Diagrams

Duat-in-Line Packages
CD4051BM/C040518C CD4052BM/CD40528BC CD4053BM/CD4053BC
T
——— et InOuT ayT DU
Voa 21\ A 2 T Vo T T e T Voo T 5 oy om [
I h s he by bz qn e s Ps fra by by o e |s
_ l | { |
BN O O e O LR O I F F ¥ F I T_p" lp 1 s
4 seTAn e Yoy Ve & X vy o Y KN Vg Ve B b oy o N Wy Ym
Wi WA T Wibyr 9N Tiagp WU SUTW inmuT
TOP VIEW TOP VIEW TOF VIEW TL/Fr9662-1

Order Number CD40518, CD4052B, or CD40538

1995 National Semiconducios Corpormion TL/F /5662

RAD-BI0M108/ Privted in U. 5, A

NN Bojeuy

sJoxatdninwagy/laxad
o4a150vad/ngLsorad

08250va0/Waes0vqo ¢
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Absolute Maximum Ratings

Recommended O_perating

i Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales
Office/Distributors for avaitability and specifications. DG Supply Voltage (Voo) +5Vpcto +15Vpe
DC Supply Voltage (Vpo) ~0.5VpG to +18 Vpg Input Voitage (Vind OVto Voo Ve
Input Voltage (Vi) ~0.5Vpg to Vpp + 05 Vpe Operating Tempecature Range (Ta)
Storage Temparature Range (Ts) Z65°Clo +150°C 4051BM/40528M/40538M ~55Cto +125C
Power Dissipation (Pp) 4051BC/40528C/40538C ~40°C o +85°C
Dual-In-Line 700 mW
Smali Outline 500 mwW
Lead Ternp. (T} ) {solderting, 10 sec.) 260°C
DC Electrical Characteristics mote 2
Symbol Parameter Conditions —§5C 125 F125C | yruts
Min| Max [Min| Typ | Max | Min| Max
1op Quiescent Device Current | Vpg =5V 5 5 150 | uA
Voo=10V 10 10 300 | pA
Vpp=15V 20 20 600 ! uA
Signal inputs (V;g) and Outputs (Vos)
Rauy "ON" Resistance {Peak | R =10kl | Vpg=2.5V,
for Vee<Vi5<Vpp) (any channel | Vgg= —2.5V
selscted) of Vpp=5V, 800 270 | 1050 1300 £
VEE=0V
Von=5V
Veg= -5V
or Yo =10V, 310 120 { 400 550 o
Vegp=0V
Vpp= 7.5V,
Veg= 7.5V - ~ e
of Vop =15V, 200 80 | 240 520 { 0
Veg=0V
ARgn | A"ON” Resistance A =10k2 |vpp~25v,
Between Any Two (any channel | Veg=-2.5V 10 n
Channeis selected) or Vpo =5V,
Veg=0v
Vpp=5V,
Veg= -5V
or VDD- 10V, 10 a
Vep=0V
Vpp=7.5V,
Vee=-7.5V
or Vpo= 15V, s @
Veg=0v
“OFF" Charwel Leakage | Vpp=7.5V, Vgg= ~7.5V
Current, any channal O/l= £7 5V, 1/QC=0V +50 +0.01] +50 +500 | nA
“OFF"
“"OFF” Channel Leakage | Inhibit=7.5v  CD40S1 +200 +0.08 | +200 +2000} nA
Gurrent, all channels Vpp™=7.5v,
“OFF” (Common Vee= -7.5v, CD4052 +200 +0.04 1 +200 +2000] nA
OUT/IN) o/i=0V,
VO= 475V CD4053 +200 +0.02 | +200 +2000] nA
Control inputs A, B, C and inhibit
ViL Low Level input Voltage | Veg=Vgg Ry =1kl 10 Vgg
Iis <2 A on all OFF channets
Vis= Vpp thru 1 k2
Voo =5V 15 1.5 1.5 v
Vpp=10V 3.0 30 30 v
Vpo=15V 40 4.0 40 v
Viy High Leve! Input Voitage | Vop=5 35 35 35 v
Vpp=10 7 7 7 v
vpp=15 11 11 11 v

Hote 1: “Absoluie Maximun Ralings™ are those vaiuas beyond which ths safety of the device cannel ba gueraniead. Emnp“or“OpnMngmtanm

they are nal meant to imply that the devices should be opersied at these kmas. The tabls of “Eiecical Ch p

opbralion.

Note Z Ak vollages measured with respact lo Vg uriess otherwise specified.

for aciual devica
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DC Electrical Characteristics ot 2) (Continued)

Symbof Parameter Conditions —4c +25°¢ +85°C ! Units
Min{ Max {Mini Typ Max | Min] Max
L] Input Current Vpo=15V, VEg=0V ~-0.1
ViN=0V -01 —10-$§ ~101 pA
Vpp =15V, Vep=0V _
Vi=15V o1 1051 01 10 | kA
oo Quiescent Davice Current  { Vpp=5V 20 20 150 RA
Vpp =10V 40 40 300 | pA
Vhp=15V 80 80 600 HA
Signalinputs {V,s) and Outputs (Vos)
Ron | "ON" Resistance (Poak Ri=10kl |Vpp=25V,
for Vg SVi5 = Vpo) {any charne! {Vee= —2.5V
selected) | or Vpp=5V, 850 270 | 1050 1200 | @
Vep =0V
Voo =5V,
VEg= -5V
of Voo = 10V, 330 120 | 400 s20 [ n
Vee =0V
Vpp=7.5V,
Veg™ —7.5V
o Vpg =15V, 210 80 240 300 1]
Vep =0V
aRgn | A”ON™ Resistance Ry = 10 k2 Vpp=2.5V,
Between Any Two {any channal | Vep= —-2.5v 10 a
Channels selectad) or Vpo =5V,
Veg=0V
Voo=5v
Vee= -5V
of Vpp = 10V, 10 2
Ve =0V
Vop=7.3V,
VEE- —-7.5V
OTVDDE 15v, 5 a
Vep=0v
“OFF" Channel Leakage Von=7.5V, Vgg=-7.5V
Current, any channel "OFF" | O/1= £ 7.5V, /O =0V 150 +0.01 | +50 +500 | nA
“OFF” Channel Leakage inhibit=7.5v  CD4051 +200 +0.08 | 200 +2000| nA
Current, all channels Vpo=7.5V.
“OFF" (Common Vee=—7.5v, CD4052 +200 +0.04 { £200 +2000] nA
OUT/IN) Qri=OV
170== +75V  CD4053 +200 +0.02 | £200 +2000{ nA
Controt inputs A, B, C and inhibit
viL Low Level input Voltage Vee=~Vgs R =1 kil to Vgg
hg<2 pAonall OFF Channeis
Vig=Vpp thru 1kt
Vpo=5V 1.5 15 15 v
Vpp= 10V 30 3.0 30 v
Vpp=15V 4.0 40 40 v
Vin High Level Input Voltage | Vpp=5 35 3s 35 v
Vpp=10 7 7 7 v
Voo=15 11 1 11 v
In Input Current Vpp= 15V, Vee=0V ~01 —10-5 -0.1 ~10] wa
Vin=0V : i
Vpo=15V, Vge=0V _s
ViN=15V 0.1 10 o1 1.0 HA

Note 1: “Absoiule Maximum Ralings™ nmosombmndwmmmuhtyolmodevmmbommw E:t.cplbr ‘Opcruﬂngfmlllenos
tor actuel dovico

they ars not meant 1o imply that the devices should be operalad at thase kmits. The table of “EX

opamtion,

Nots 2 Al voilages maasurad with ré508ct 10 Vgs UNBSS omnerwise spacifiad,

"y
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AC Electrical Characteristics® 1,~25°C, = =20 ns, uniess otherwise specified.

Symbol Parameter Conditions Vpo | Min | Typ | Max Units
o7y, Propagation Delay Time from Veg= Vg =0V sv 600 | 1200 ns
ez Inhibit to Signal Cutput Ry =1k 10V 225 | 450 ns
{channel tuming on} Cy =50 pF 15v 160 § 320 ns
toyz. Propagation Delay Time from Veg=Vsg =0V sV 210 | 420 ns
tpiz Inhibit to Signal Output R =1kl 10V 100 | 200 ns
{channe! turning off) C_ =50 pF 15V 75 | 150 ns
Cin Input Capacitance .
Controt input 5 75 pF
Signal input (IN/OUT) 10 15 pF
Cour Output Capacitance
(common QUT/IN)
CD4051 10V 30 pF
CD4052 Vee=Vsg =0V 10v 15 pF
CD4053 10V 8 pF
Ciog Feedthrough Capacitance 0.2 pF
Cpp Power Dissipation Capacitance
CD4051t 110 pF
CD4052 140 pF
CD4053 70 oF
Signal inputs (Vig) and Outputs (Vgs)
Sine Wave Response R =10kt
{Distortion) fig=1%Hz 10v 0.04 %
VIS: 5 Vp—p
Veg=Vg =0V
Frequency Response, Channel | Ry =1k, Vg =0V, Vig=5V. 1oV %0 MHz
“ON™ (Sine Wave Input) 20 logyg Vos/Vis= —3dB
Feedthrough, Channet “OFF" Ry =1k, Ve =Vgs =0V, Vis= 5V, ,, 1oV 10 MHz
20 log1g Vos/Vis= —40 d8
Crosstalk Batween Any Two AL= 1 KA, Ve = V55 =0V, Vis(A)=5Vpp | 0, 3 MHz
Channels (frequency at 40 dB) | 20 log1g Vog(B)/Vis(A)= — 40 dB {Nole 3)
ot Propagation Delay Signal Veg=Vgg =0V 5v 25 55 ns
ton Input to Signal Output C =50pF 10V 15 | 35 ns
15V 10 25 ns
Control inputs, A, B, C and Inhibit
Control Input to Signal VEE™ Vg =0V, R = 10 k2 at both ends
Crosstalk : of channal. 10v 65 mV (peak)
Input Square Wave Amplitude= 10V
oML, Propagation Delay Time from Vegg=Vgg =0V sV 500 | 1000 ns
tpLm Address to Signal Output C =50pF 1o0v 180 | 360 ns
{channeis “ON" or “OFF") 15y 120 | 240 ns
“AC P are g by OC fesling.

Nate X A, E are two arbiirary channels with A tumed “ON™ and 8 “OFF™.




Block Diagrams
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Block Diagrams ontinved)

CD4053BM/CD40538C
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: Voo -~
o o oW
1 2 9.0 Q O O
[_—_I—l 2 s Jr J2 [n Ju
[ ¢ ]
ot e
4 DECODER
WiTH toeT
" o6t
8 O—— LEVEL
COMVERSION
’ = ————
t O—i
o
INH O]
[T
Ve Ve
Truth Table
INPUT STATES “ON” CHANNELS
INHIBIT | C | B | A | CD4051B | CD40528 | CD40538
/] 0jo|o 0 oX, oy ex, b, ax
0 0}0]t 1 1% 1Y | ox bxay
o loj1io 2 2X,2Y { ox, by, ax
[+] o{1¢1 3 3X. 3y cx, by, ay
0 1{ofo 4 oy, bx, ax
0 1]o]1 5 ¢y, bx, ay
0 11170 6 <y, by, ax
0 11111 7 cy, by, ay
1 A NONE NONE NONE

*Don’t Care condition,
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Switching Time Waveforms
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Special Considerations

In cenain applications the extemnal load-resistor curment may
include both Vpp and signaldine components. To avoid
drawing Vpp cwrent when switch current flows into IN/OUT
pin, the voltage drop across the bidirectional switch must

Typical Performance Characteristics

“ON” Resglstance vs Signal
Voitage for Ty =25C
-~
g
:3~
o I
]
T B4 Voo -V =W
&
2 ™ v
PR Ve =1V ]
Vo - Vig =
E - A oo - Vet L
£ [ h
- bl o0 = Vee < 15V
[ ) 1t L) (4

4 -6 -4 -2 0 1 & & 3
SENAL YOLTAGE (VeH(W)

“ON" Resistance as a
Function of Tempeorature for
Vpo—Vee = 10V
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= L AR o (1
o e at
L UHHIHUAN
z Ty = -55°C
& F S

~8 & 4 -1 ¢ 2 4 8 8
SIGNAL YOLTAGE TVy! IV}

not exceed 0.6V at Ty< 25°C, or 0.4V at Ty >25*C (caku-
lated from Rppy values shown). No Vpp cument will flow

through Ry if the switch current flows into OUT/IN pin.
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Function of Temperature for
Vpp - Vee= 15V
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Physical Dimensions inches (mimeters)

0,785
T [19.94) WAY ——
18 ]
0.220-0.310
[5.59-7.87]
0.025
R [0.64] ! 2 \
*fnsg g e
0.037 £ 6.005
0.005 -1~ [c.94 £ 0.13} Tre (lz,zg;)-n,_;;f
; I 0552 0.00 7.37-8.1
o031 13 -~ r—i,_w,,_,j Tre — GLASS SEALANT
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[s.08] {5 wax
MAX TYP 0.01020.002 yyp
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Analog Multiplexer/Demuitipiexers

CD4051BM/CD4051BC, CD4052BM/CD4052BC, CD4053BM/CD4053BC

Physical Dimensions inches (milimeters) (Continued)

L 0.740-0.780

(is30-1921)

0.065
u 13020.003. 060
- o 0.300- 0.520 {1551
} {330210.127) =z "° ”\f“ 1 (ﬁé’-_u‘z'sjl {
9. m-uoo |
(sas-soe0) | 3§ I
9508 5° -
0.020 - l 9004 4° TYP o230 m-oﬂlé
{0308}
8 0125-0.450 o150 | Dosaso001s - 5-"15 ~
(33753810 LA ST TR D))
0.014~0.023 0.100£0.010
f35e-nsed n.osn:om;_l {25a020254) Eﬂ-o_.m_s e
™ e +1016 e (e i)
(127020.25%) (o255 5555)
™"
Molded Dual-In-Line Package (N)

Order CD4051BM, CD40518C,
CD40528M, CD40528C, CD40538M, CD4053BC
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b} support or sustain life, and whose
failure to perform, when property used in accordance
with ingtructions for use provided In the labeling, can
be reasonably expected to result in a significant injury
to the user.

support device or sysiom whose faiura to perform can
be reasonably expacted to cause the failure of tha life
support davice or System, or to affect its safety or
offoctiveness.
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Mechanical Specification

ITEM STANDARD VALUE UNIT
NUMBER OF CHARACTERS 16 CHARACTERS X 2 LINES -
CHARACTER FORMAT 5 X 8 DOTS -
MODULE DIMENSION 80.0 (W) X 36.0(H) X 13.2(T) mm
"VIEWING DISPLAY AREA 65.0 (W) X 16.0 (H) mm
ACTIVE DISPLAY AREA 55.73 (W) X 10.98 (H) mm
CHARACTER SIZE 2.78 (W) X 4.89 (H) mm
CHARACTER PITCH 3.53 (W) X 6.09 (H) mm
DOT SIZE 0.50 (W) X 0.55 (H) mm
DOT PITCH _ 0.57 (W) X 0.62 (H) mm
APPROX. WEIGHT 30 g
LCDTYPE STN , Gray, 1/16 DUTY, 6 O'clock
BACKLIGHT TYPE LED USE INVERTER
BACKLIGHT INPUT DC +5V 1V 100 mA Hz
INVERTER INPUT \4 mA H:
. BACKLIGHT Half{-Lift TIME 100,000 T HR.
. Mechanical Diagram
— 80 2.54-15=38.1 ) 33.9
glg gl§| 16~o©1.0 P ‘
I 11 | S 16 ]
I < 2l lelGeNeNleNleelieflelle—— 33 C
l:ﬁ. .
Vil ) < 1
AEEIEIE T~ 00000DO000000000
N L 0000000000000000 12
= .
S L= i 4-02.5 I
—{O | _ - p
el ottt 1z2aas ] (D/A)55.73 12.135 {
w}n o gl 5] i (V/A)65.0+0.3 7.5
2.78 0.75 5.4 ! 69.2+0.3 5.4
i |77, 25 ' 75.0£0.3 2.5
o : —t 2 : 80.0% CS‘ 5
© it d
- dg8l £ = 1 2:F—p=———1%
o — oo D_fd “?r—r —T S = ‘Q)l::ru T E
f S DU | LED = EL OR NO
0.7 0.5 . BACKLIGHT TYPE BACKLIGHT TYPE
. Interface Pin Connections _ 4. Black Diagram
NQ | SYMBOL | LEVEL FUNCTION .
1 VSS - GND (0V) 0% : 40 SEG
> | VDD | _HL DC +5V 0w 1 1
3 VO HL Contrast Adjust O 16 CoM
4 | RS H/L ) - Repister select LA S E« - LCD 16X2
5 R/W H/L __Resd/Write E —— Z .
6 E HH-L Enable signal " RS ~—m] 8 _ 40 SEC
7 - DBO H/L . Data Bit 0
g | DBI HL "~ Data Bit | ~{ DRIVER IC |
9 DB2 H/L Data Bit 2 B - -
10 DB3 H/L Data Bit 3
11 DB4 H/L Data Bit 4
12 DBS HL Data Bit § VoD
13 DB6 H/L Data Bit 6 BACK v LCM
4 |  DB7 | HL Data Bit 7 LIGHT i vss
151 A(*)_ _|DC+5V| LED Backlight+ . 4
16 K(-) oV LED Backlight -




5. Absolute Maximum Ratings

ITEM SYMBOL MIN. TYPE MAX. UNIT
OPERATING TEMPERATURE TOP 0/-20 - +50/+70 ko
STORAGE TEMPERATURE TST -10/-30 - +60/+80 .'C
INPUT VOLAGE Vi VSS - VDD -V
SUPPLY YOLTAGE FOR LOGIC VDD-VSS - 5.0 6.5 Y
SUPPLY YOLTAGE FORLCD VDD-VO - - 6.5 \'4
STATIC ELECTRICITY Be sure that you are grounded when handing LCM.
6. Electrical Characteristics
ITEM SYN CONDITION MIN. TYPE | MAX. | "UNIT
SUPPLY VOLTAGF. FOR LOGIC YDD-VSS§ - 4.5 5.0 5.5 v
' : Ta= 0/-20 C - 4.8/5.0 - v
SUPPLY VOLTAGE FOR LCD VDD-VO Ta=25C - 4.4 - v
. ) Ta= +50/+70 C - 4.1/3.9 - v
INPUT HIGH YVOLTAGE VIH : - 2.2 - VDD 3
INPUT LOW VOLTAGE VIL -- Y -~ 0.6 v
OUTPUT HIGH VOLTAGF. VOH - 2.4 - - v
OUTPUT LOW VOLTAGE VOL - -- - 0.4 v
SUPPLY CURRENT IDD VDD=+5V - 3.0 4.5 mA
-7. Optical Characteristics
ITEM . - . SYM CONDITION MIN. TYPE | MAX. | UNIT
VIEW ANGLE (V) ] CR22 .10 - 40 - | deg.
VIEW ANGLE (H) @ CRZ2 -30 - 30 deg.
CONTRAST RATIO CR - - - 5 - -
RESPONSE TIME TON - - 180 230 mS
. RESPONSE TIME TOFF - — 100 - 150 mS
8. Optical Definitions
Response Time Contrast Ration View Angle
'_l I_] — " m| ®rightness curve on .
Ll L \
Honselecied Peneeiecied z )
Condition :“|"  selecteg | [ " Condition .:._‘1 :
Condithon [ -]
e e | e I g e -
| Brightaess curve
; i X / jon sclecled segment \
Ll - Sel point Driving Voilage p
e Bme ToRt Tme - Brighiaeme of srieeied segmend [L 1]
'9, Display Address
1 j 2|34 slel 7890|213 ]y4|15/[16}17]18]719 |20
Linel | 80181 |82 )83 |8 |8 |8 |87]88 |89 [8A[8|8C[8D|B8E | 8F |
Line2 |Col[Ciic2l{c3lcajcsjce|{CT|C8iCOlCA|CBICCI:CD; CE | CF
Line3 |
‘Line 4 —
o 21122123124 | 25126127128} 29 |30 ] 3132133134 ]35]36]37|38)39] 40
- Line 1 ) L il
Line 2 =
Line 3 —
Line 4




. AnTLiace 0 Ay

10.1 Interface to Z-80 CPU 10.2 Interface to MC6800 CPU
J- - AND .
z80  4en LCM Mces0d”® ™ LoM
PAl -3
. LA 4 [ 74
(-8 14 DO DT Do=-07 Z DO~ bY

10.3 Interface to 4-bit CPU ( IIMCS43C) 104 Interface to HD680S MP

(-1%.3 u e co JIC

DI Row c1 [ 2] LT
HMCS43C LeM HDB80S5 LCM

o1 [ 3 cz - [ 744

rio- RS2 : osd~par “0-AT y DOs-DRT
. Timing Control
11.1 'Write and Read Operation
Write Operation Read Operation
s o | Bs :}:1 X
- TAS tAH . s Al
AW N - : R/‘i__-" R\________
PREIN [ tLF - WER f— EF
e N 7
tER e e

_ - E . N r
tosw tDHR 1 LtDBR {DHR

8O- DB7 D A e oBo-—;:'«' — > 1‘<

e

tCYCE H 1CYCE
) Item Symbol Limit (Min.) Limit (Max.) Unit
Enable Cycle Time . tCYCE 1000 - ns
Enable Pules Width ( High fevel) PWEH 450 - - - ns
- Enable Rise/Fall Time tERtEF - 25 ns
\ddress Set-Up Time ( RS,R/'W.E ) tAS 100 - ns
Address Hole Time tAH - 10 - ns
Data Set-Up Time .. .. -~ tDSW : 100 - ns
Data Delay Time = . tDDR - 190 ns
_Data Hold Time - | __tDHR _ 20 - ns
11.2 Busy flag check-timing '
1= S8—bit busy fLa_ﬁ check timing
:/;V - " . j \
Aternai - ";'[:—%—f- Internal Operatien 1 ) [
Br ‘ . Wumny Buey e Boar -
. tneLtrustiion Wreite f . Fiag ‘.hnnh I Tlag shwek [} Flag ehsels ] Inetruction Weite
= ) A—bit bumy checle tirming i
o ’ 7 — _ T
| G Ve ISV VA NNV N e IR G W e N
iternal . [ thiernal Opsratien 1 - f
o7 <R > o > AN SR e S 53>
et ruelids  Wntiy flag eaheschk Flag eheok tnatltructien WwWeile

:1R7, IR3 : Instruction 7th bit , 3rd bit ; AC3 : Address Counter 3rd bit.




12. Initialization of LCM

The LCM automatically initializes ( reset ) when power is turned on using the internal reset circuit. If the power supply
conditions for correctly operating of the internal reset circuit are not met, initialization by instruction is required. Use the
procedure is next page for initialization.
Internal Power Supply reset

45V

0.2V
Vee

— — e —— - — — t— ——]

(Note 1) 10ms 2 trcc 2 O.1'ms, toff 2 1ms.
(Note 2) toff stipulates the time of power OFF for momentary powsr supply dip or when power supply cycles ON and OFF.

Item Symbol Tesi condition | Limit (Min.) Limit (Max.) Unit
Power supply rise time trce - 0.1 10 ms
Power supply off time toff’ - 1 - ms
1) 8 Bit Interface 2) 4 Bit Interface
\i
'-
L Wait 15 ms or more afler Vpp resches 4.5V | .| Wait 15 ms or more after Voo reaches 4.5V |
Busy flag can’t be checkeq.
) Funclion sct : B bits
RS |R7W| DB7}DBS|DBS| DB« | DB3 {DB2 { DB! | DBO : R$| W | DB7 | DB6 | DBs | DB4
ojfoJolof 1 v Tl sl 0 0 0 0 1 1
T . T
L Waitd.Imsormore | ‘ . ' |  Weitd.Imsormore |
Busy flag cen't be checked.
Function set : 8 bits ]
RS|E/W|DB7]DB6|DB3 | DB4 [ DR3 [DB2 [DBI]DBO] ~ . [Rs| ®w ] D7 | D6 | DBs | Dba
ojojeloji el ol ~ 7 o] o- ¢ o J o ] 1 ]| 1
. . i . N ] 'i. - - ‘ - '
[ Wait 100 ps oc more _l S i ' ‘ ‘__ r Wait 100 25 or more j

Busy flag can't be checked. | before this instruction
Function set : 8 bils

RS [R/w|DB7]DBs|DBs]DB4]DB3|DB2[DB1[DBO] = . rRst rRW | DB? DB6 DBS | DB4
o . @

CEN R 0 [7) 0 0 1 1

l Functionset : 8 bits |

- RS| R/W DB? DB6 DBS DB4

RS {R/W ) DB?|DB6!DBS| DB4 | DB3 |DB2 | DB1 | DBO 0 0 0 0 1 l
0] o0 0 0 l ! N | F . * Function Set 0 0 0 0 ] 0
- — | o 0 N E . *
cjotoeroofo LjoJoyjo ) | Displyof | [0 o ¢ 0 0 0
: 0 Q 1 0 0 0
olof{o{ofojofjojojo}i 1 ]_] DisplyClsr | |0 0 0 0 0 0
‘. 0 0 0 0 0 1
of{ o0 0 0 (0 0-]10 1t 1D S [__Y EntryModeSet | _ | O 0 o 0 0 0
. . 0 0 0 i D S

[ ' [

‘

®  Busy flag is checked afier instructions are completed. If busy flay isn‘t checked, the waiting time between
instructions should be longer than execution time of these instructions.




3. Instruction Set

o R{R|{D|D|{D|D|D|D|D|D : EXECU.
FUNCTION | S|/W|{B|B|B|B|B|B|B|B 'DESCRIPTION TIME*
7165141321110 (MAX.))
“lear Display | 0 | 0 | 0|0 ] O] 0} 0}0]| 0] 1 |Clears entire display and retums the cursor to home 1.64ms
position ( address 0 ).
Return Home } 0 1 0 [0 J O[O0 | 0| 0}0]1]{x JRetun the cursor to the home position. Also returns the| 1.64ms
display being shifted to the original position. DD RAM
contents remain unchanged. .
Entry mode Set cursor move direct and specifies display shift. These 40us
set 1 operations are performed during data rite/read. For
0OJojojolojo|o| 1]/ ]|S [normaloperation, setS to zero. I/D=] : increment ;
D 0 :decrement ;S=1 : accompanies display shift when data
ts written, for normal opzcration, set to zero.
Display Set ON/OFF =21l display(D),cursor ON/OFF(C), and 40us
ON/OFF 0fojojo|ofo|1,D|C|B |blink of cursor position character(B). D=1: ON display;
control . 0:OFF display. C=1: ON cursor;0: OFF cursor. B=1:
B ON blink cursor; 0: OFF blink cursor. -
Cursor or _ SIR Move the cursor and shift the display without changing { 40 s
Display |00 |0{0[0;1]/]|/]|x]x |DDRAM contents. S/C=1: Display shift; 0:Cursor
shift C|L move. R/L=1: shift to right; 0: shift to left.
Function Set the interface data length (DL). Number of display 40us
Set 0]0[0|O|1{DINJF]x!x |lines(N)and character font (F). DL=1: 8 bits; 0:4 bits.
' - i L- : N=1: 2 lines; 0: 1 lines: F=1: 5x10 dots; 0: 5x7 dots. :
etCGRAM | 0|0 }0]1 ACG Set CG RAM address. CG RAM data is sent and 40 us
address ' |received atter this setting.
et DDRAM |0 | 0 [ 1 . ADD Set DD RAM address. DD RAM data is sent and 40us
__address received after this setting ‘
Read busy Reads Busy Flag (BF) indicating mtcmal operation is 1 us
Nag & 0]1|B AC being performed and reads address counter contents.
address 3 F : BF=1: internally operating.  0: can accept instruction
Vrite Datato| 1 | O WRITE DATA Write data into DD RAM or CG RAM. 40y
_G/DDRAM
ead Datafor| 1 | 1 READ DATA Read data from DD RAM or CG RAM 40us
“G/DDRAM

4. User Font Patterns ( CG RAM Character ) -

Character Code (DD RAM data) CG RAM Address - Character Pattern (CG RAM data)
i 76543210 Lo 543 210 Hi 765 43210 Lo
- 000 XXX 11110 -
001 xxx © 1 0 0 0 1
010 XXX 1 0001
0000x000 000 011 xxx 11110
' . 100 xxx 1. 0100
‘101 Xxx 10010
110 XXX 1-0 0 0 1
111 xxx 00000
000 XXX 1000 1
001 xxx o1t o0oto
010 xXxx i1 1 11
0000x0601 001 011 XXX 001 00
. 100 xXxx 11 1 11
101 RxX 00110
110 T XXX 00100
111 - Xxx 0 0 0 0 0
000
001
10
0000x11] 111 011
100
101
i{io
L 1114




18. Character Generator ROM Map

CHARACTER PATTERN CHART (5x 7 DOTS +CURSOR)

Higher 4 bit
wer 4 bit - 1000070010|0011{0100}0101{0110]{0111}1010]1011{1100{1101{1110

—
bl
(S
ol

—

XXXX1001 | (2)

XXXX1010 | (3)

i

XXXX1011 | (4)

=

XXXX1100 | (5)

I ,."\4-.:; N

XXXX1101 | (6)

XXXX0000 | (1) E EP h | =
3000K0001 | @) I 1 Hna B I':-I
XXXX0010 | (3) WEEEE X
XKXX0011 | (4) ﬂ—gt S - E
o] o [ E 1D T 1] F
soocoiol | 6) -.": SEUE .1
wocano | o | |G [ TLI§° =
XXXX0111 | (8) ?Em J 5
sooner| o L [BIHIRIF I
E L

% J [

+ k .

’ i,

A

[ B[ A C[ XA Ci0 s (Do

gl Lo e 1 Y 0?14l
L g B L = | | = o =

XXXX1110 | () | m

IR e 1 o el ool | T e

QiSirH 4 %o LqOh| AT omw

P T T e | o T T O e e e e L N A
H

[ i gy

"

"
Q3|2
=

XXXX1111 | (8)

|




ULN2803A

DARLINGTON TRANSISTOR ARRAY

SLRS048 - FEBRUARY 1897

& 500 mA Rated Collector Current (Single
Output)

® High-Voltage Outputs ... 50V
® Output Clamp Diodes

® |nputs Compatible With Various Types of
Logic

® Relay Driver Applications

® Compatible with ULN2800A Series

description

The ULN2803A is a monolithic high-voitage, high-current
Darlington transistor array. The device consists of eight npn
Darlington pairs that feature high-voitage outputs with
common-cathode clamp diodes for switching inductive loads. The
coliector-current rating of each Dadington pair is 500 mA. The

Darlington pairs may be paralleled for higher current capability.

N PACKAGE
(TOP VIEW)
.1 7 efic
28] 2 17;20
3Bl 16{] 3C
48fl4  15{lac
seg 5 14]} sC
sBf}6 13]}6C
.07 12§} 7¢
8sf] & 11fjsc
GNO[j®  10flcom

Appiications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logic buffers. The ULN2803A has a 2.7-k(} series base resistor for each Darington pair for operation

directly with TTL or 5-V CMOS devices.

The ULN2803A is offered in a standard 18-pin dual in-line (N) package. The device is characterized for
operation over the temperature range of —20°C {c 85°C.

logic symbolt
10
CLAMP | COM
4 C 18
18 2 b o 3‘—-—; 1C
28 -;————| L-——;;' 2C
I s
4B S——— 4C
5 14
5B . h——g 5C
68 . Fx——a 6C
7B P——— 7¢
8 1
88 8C

T This symbot is in accordance with ANSIIEEE Std 91-1984
and IEC Publication §17-12.

logic diagfam (positive logic)

1B

28

3B

48

58

1

2

3

3C

8
88
1% com

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA lnfortnation & cumant as of publication date.
Prodacts

confaan to speciications per the terms of Texss instroments r:
ﬁw.l;gvhll pm;n:ms. i g does nct riy inchide % TEXAS
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ULN2803A
DARLINGTON TRANSISTOR ARRAY

SLRS049 — FEBRUARY 1997

schematic {each Darlington pair)

COM
2.7k QUTPUT C
Input B —¢
7.2kQ 3k

—ANN—

——
-}
. .

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Collector-emitter voltage .. ... . e e e iaaaaan S50V
Input voltage (see NOte 1) .. ... i i i et ettt i 0V
Continuous collector CUment ... ... ... . oottt et i e eeieaeenn e, 500 mA
Output clamp diode curment ... .. . i 500 mA
Total substrate-terminal quiment .. ... . . .. e et -25A
Continuous dissipation at (or below) 25°C free-airtemperature .......... .. cciveiiiinenn.. 1150 mW
Operating free-air temperature range, T .. ..ot iiiii it et aeae s ~20°C to 85°C
Storage temperature range, Tgtg - -..ovctiiiieiiia i e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcasefor 10seconds: .............iiiiiiiinano... 260°C

1 Stresses beyond those listed under “absolute maximum ratings* may cause permanent damage to the device. These are stress ratings only, and
functiona) operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device refiability.
NOTES: 1. Allvoltages values, unless otherwise noted, are with respect to the emitter/substrate terminal GND.

“.’P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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electrical characteristics at 25°C free-air temperature (unless otherwise noted)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN  TYP WMAX] LNIT
lcex  Collector cutoff current . ;gf;gi‘:;’; =0 50| pA
- VCe=50V, Ic=500pA,
litoff) Off-state input cumrent Ta = T0°C, See Figure 2 50 65 HA
liton) {nput current V|=385V, SeeFigure3 083 1351 mA
ic=200mA 24
Vijen)  On-state input voitage ggfa:.gi :g . [lc=250ma 271 v
ic =300mA 3
1= 250 pA, ic =100 mA,
See Figure 5 08 11
N =350pA, I =200mA,
"/ Collector emitter saturation vol ! v
'CE(sat) sal n voltage See Figure 5 1 1.3
=500 pA, IC = 350 mA, 13 16
See Figure 5 :
IR Clamp diode reverse cumrent VR=50V, See Figure 6 50 HA
Vg Clamp diode forward voltage [g=350mA, SeeFiguwe7 1.7 2 v
GCi input capacitance Vi=0V, f=1MHz 15 25 pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN @ TYP MAX| UNIT
tPLH Propagation delay time, low-to-high-level output Vg=50V, RL =163 0, 130 ns
tPHL Propagation detay time, high-to-low level output CL=15pF,  SeeFigure8 20
VoH  High-level output voltage after switching ;’ge =F?§u\ri<‘a 0 lo~300mA, |y 2 mv
i
“) TEXAS
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION'

Open VCE

l Icex

Open

Figure 1. lcgx Test Circuit

Open

vi Open

Figure 3. liop) Test Circuit

Open VCE

llc

lijotr)
—»

Figure 2. lyo¢p) Test Circuit

Open
Ic
v
VCE
=

Figure 4. V(o) Test Circuitl

VR

I

Open
Figure 5. hgg, Vog(sat) Test Circuit Figure 6. Ig Test Circuit
J@ TEXAS
INSTRUMENTS
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ULN2803A
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PARAMETER MEASUREMENT INFORMATION

Open

input Open vg=50V
Puise
G ator ®
{see Note A)

——N' l¢— <5ns —b: }1——<10ns

— . —— e — — —— ——

l
| AB80% 90% N, | (see Note C)
Input
10% 50% SO%SEI 10¢ o

e 055 ———# ‘
|
- tpy - tpLH ”}

. | ‘ "

Voltage Waveforms

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zo = 50 €1
B. Cincludes probe and jig capacitance.
C. ViH=3V

Figure 8. Propagation Delay Times

‘t’?‘ TEXAS
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PARAMETER MEASUREMENT INFORMATION

Vs
Input
r-—--———-—n
Puise {
Generator | — Output
{see Note A) I ‘ utp
L
CL=15pF
{see Note B}
Test Circuit
—»! le— <5ns —» le— <10ns
It V- ViH

Input I 9% 9‘?-5/.,“’5&: {see Note C)
10%¢ . 10% 0
VoH
Output \

Volitage Waveforms

NCTES: A. The pulse generator has the following characteristics: PRR = 12.5KHz, 20 =50 02,
B. C inciudes probe and jig capacitance.
C. VIH=3V
Figure 9. Latch-Uip Test
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